There are many natural phenomena including a crisis (such as a spate or contest) which could be described in three steps. We investigate the existence of solutions for a three step crisis integro-differential equation. We suppose that the second step is a point-wise defined singular fractional differential equation.
Introduction
In most phenomena there appears usually a crisis. Our imagination as regards crises has effects on economy while there are distinct types of crisis-phenomena study in different fields of science such chemistry, social sciences, physics, mathematics, engineering and economy (see, for example, [1] [2] [3] [4] [5] [6] [7] and [8] ). Considering the importance of modeling of crisis phenomena, some researchers are working and publishing in this area (see, for example, [9] [10] [11] [12] [13] ). In 2016, Almeida, Bastos and Monteiro published a paper about modeling of some real phenomena by fractional differential equations [14] . As is well known, one of the best methods for mathematical describing this type phenomena is modeling of the problems as singular fractional integro-differential equations, which have been studied by researchers especially in recent decades (see, for example, [15] [16] [17] [18] [19] [20] and [21] ).
In that f (t, ·, ·, ·, ·) is singular at some points t ∈ [0, 1] [19] . By using these ideas and providing a new method for modeling of crisis phenomena, we investigate the existence of solutions for the point-wise defined three steps crisis integro-differential equation
with boundary conditions
and f 3 (t, ·, ·, ·, ·) are continuous on [0, λ) and (μ, 1] and f 2 (t, ·, ·, ·, ·) is multisingular [19] .
Preliminaries
Recall that 
ds, where n = [α] + 1 and f : (a, ∞) → R is a function [22] . Let be the family of nondecreasing functions ψ : [0, ∞) → [0, ∞) such that ∞ n=1 ψ n (t) < ∞ for all t > 0 (see [23] ). One can check that ψ(t) < t for all t > 0. Let (X, d) be a metric space and T : X → X and α : X × X → [0, ∞) two maps. Then T is called an α-admissible map whenever α(x, y) ≥ 1 implies α(Tx, Ty) ≥ 1 [23] . The map T is called an α-admissible map whenever α(x, y) ≥ 1 implies α(Tx, Ty) ≥ 1 [23] . Let (X, d) be a metric space, ψ ∈ and α : , y) ) for all x, y ∈ X [23] . To prove the existence of solutions, we need next results.
If T is continuous and there exists x 0 ∈ X such that α(x 0 , Tx 0 ) ≥ 1, then T has a fixed point. 
Main results
Now, we are ready for providing our results. 
Here, m is the Lebesgue measure on R.
For t = 0 ∈ E c , we get I α (f (t)) = I α (f 0 (t)) = 0 and so
. By using Lemma 2.2 and the boundary condition, we get x(t) = -
α-2 y(s) ds and so
ds is a solution for the equation with the boundary conditions. This completes the proof.
Note that for the Green function G(t, s) in the last result we have
for all t, s ∈ [0, 1]. Also, G and 
Note that the singular point-wise defined equation (1) has a solution u 0 ∈ X if and only if u 0 a fixed point of the map F.
and almost all t ∈ (λ, μ), where H : 
) is nondecreasing with respect to all its components,
Proof Consider the closed cone P = {x ∈ X : x(t) ≥ 0 and
Let m 1 be a natural number such that l x n -x * < δ for all n ≥ m 1 . This implies that
2 for all n ≥ m 1 and i = 1, . . . , 5.
Thus,
G(t, s) ds
+ (q i + ) 2 μ λ G(t, s) 5 i=1 a i (s) ds + L x n -x * 1 μ
for all n ≥ max{N, m 1 }. This implies that
for all n ≥ max{N, m 1 } and t ∈ [0, 1] and so
By using similar calculations, we get
for all n ≥ max{N, m 1 } and t ∈ [0, 1]. Hence, F x n -F x ≤ for sufficiently large n and so F x n -F x * = max{ F x n -F x , F x n -F x } < for sufficiently large n. This implies that F x n → F x in X. Now, we prove that F maps bounded sets into bounded sets of X. Let M be a bounded set of X. Choose r > 0 such that
-f 1 (s, 0, 0, 0, 0, 0) ds
-f 3 (s, 0, 0, 0, 0, 0) ds
x * . This implies that
This proves the claim. Since G and G are continuous with respect to t, it is easy to check that F x (t 2 ) → F x (t 1 ) as t 2 → t 1 . By using the Arzela-Ascoli theorem, we get T(M) is relatively compact and so F : P → P is completely continuous. Since lim z→0 +
H(z,z,z,z,z) z
= 0, one concludes that lim x * →0 + H(l x * ,...,l x * ) l x * = 0. Let > 0 be given. Choose δ = δ( ) > 0 such that x * < δ implies H(l x * ,...,l x * ) l x * < and so H(l x * , . . . , l x * ) < l x * . Since
for all x ∈ 1 and t ∈ [0, 1]. Hence,
Similarly, we get F x ≤ x * and so F x * ≤ x * . Since lim max
for all x ∈ P ∩ ∂ 2 . Hence, F x * ≥ x * on P ∩ ∂ 2 . Now by using Lemma 2.4, F : X → X has a fixed point on P ∩ ( 2 \ 1 ) which is a solution for the problem (1). 
and
and 
2 ) ( 
where x r = max 1≤i≤5 x i . Thus, we obtain Now, by using Theorem 3.2, the problem has a solution.
and |f 3 (t, x 1 , . . . , 
and nonnegative and nondecreasing with respect to all components maps 1 , . . . , n 0 :
then the problem (1) has a solution.
Proof First we show that F is a continuous map on X. Let x 1 , x 2 ∈ X and t ∈ [0, 1]. Then
c(s) ds
and so
This implies that 
and so F x < r. Similarly one can prove that F x < r and so F x * = max{ F x , F x } < r.
Hence, F x ∈ C and by same reason F y ∈ C. This implies that α(F x , F y ) ≥ 1 and so F is α-admissible. Also, α(x 0 , F x 0 ) ≥ 1 for all x 0 ∈ C (note that C is nonempty). Let x, y ∈ X and t ∈ [0, 1]. Then we have , we put Now by using Theorem 3.3, the problem has a solution.
Conclusions
Most natural phenomena include crisis and it is important we could model this type phenomena. Researchers are going to use fractional integro-differential equations for modeling of crisis phenomena. In this work, we investigate the existence of solutions for a three steps crisis integro-differential equation by considering this assumption that the second step is a point-wise defined singular fractional differential equation, while the first and third parts have natural treatments.
